Introduction
Nowadays, the radio direction finding (DF) has numerous applications in a variety of fields such as radio monitoring, navigation, disaster response, wildlife tracking, electronic warfare [Poisel, 2005] , and personal locating service [Xiaobo & Zhenghe, 2002] . DF also forms an important branch of electronic intelligence. With the aim to get high resolution, a large baseline is usually used. In this case the most common DF approach uses phase interferometry method in which the phase delay across the array length (baseline) is measured. Many of DF techniques such as interferometer, correlative interferometer and multiple signal classification [Jnkins, 1991; Schmidt, 1986; Jun-Ho Choi et al., 2008] use the phase information to estimate the angle of arrival. It is well-known that increasing the element spacing increases the resolution, but also proportionally increases the phase ambiguities that must be resolved. These ambiguities occur when the spacing between antenna elements is greater than half of the signal wavelength. As a result of this, multiple baselines are commonly used to resolve ambiguities in DF systems [Pace, 2001; Kwai et al., 2008] . However, there is a need to take into account that the presence of unknown mutual coupling between array elements degrades significantly the performance of most highresolution DF algorithms. Therefore, many array calibration methods have treated mutual coupling calibration as a parameter estimation problem [Friedlander & Weiss, 1991; See & Poh, 1999; Bu-hong et al., 2008] . It is appropriate mention here that fairly often the DF systems use very small individual radiators with degraded gain when the overall dimensions are important in contrast to the DF antennas in telecommunications systems, where gain or directivity is a prime requirement [Peyrot-Solis et al., 2005; Schantz, 2004; Chevalier et al., 2007] . As regards the wireless communications, during last decade the radio systems operating at frequencies higher 1GHz are widely used. Among them we can point 12 www.intechopen.com
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out the broadband radio-modems with data transmission rate higher 2Мbit/sec. The operational frequencies of those are usually found to be in limits ranging from 1GHz to 5.8GHz. At the same time the advancement to the state-of-the-art backbone links (for instance, WiMAX standards-based technology) compels moving to the higher frequencies. With these remarks in mind a problem of bearing, for example, the unauthorized local SHF sources becomes a topical question and there is a need of suitable broad-band mobile DF. In this respect we can note the compact dually polarized direction finding antenna system, working in the 500-3000MHz frequency band [Bellion et al., 2008] and hand held antenna array for localization of radio devices working on TETRA frequency ranges (380-390 MHz) [Sarkis et al., 2008] .
The main objective of this paper is developing and designing X-band hand held DF system for localization the local SHF sources by using the "null-amplitude" technique.
Design and Experimental Technique
There is a set of canonical radiators, which are used as the individual antennas or the elementary radiators deployed in different array configurations. Here, the researchers offer and utilize various modifications of such the radiators to overcome the problems in the field of the state-of-the-art electromagnetics. Among a majority of individual radiators we have given preference to the usual cylindrical monopole antenna due to its simplicity of designing, omnidirectional radiation pattern in azimuth plane, broadbandness, as well as high values of the antenna gain and efficiency. In the process of our earlier comprehensive investigations of different radiators it has been found that the radiation characteristics of the cylindrical monopole antenna can be sufficiently changed by means of choice the suitable correlations between the monopole height and ground plane size [Ivanchenko et al., 2006; Khruslov & Pazynin, 2006] . In this respect, the revealed opportunity to produce the mono-beam conical radiation pattern with the high elevation angle of the peak directivity and relatively small ground plane of antenna attracted our attention especially. Just this result suggested us to apply such a monopole antenna as a sub-reflector of the reflector-type antenna for the DF [Ivanchenko et al., 2007; Radionov et. al. 2007; Ivanchenko et al., 2008] . Here, it should also be noted that in this case unlike the well-known reflector-type antenna with a dipole vibrator, the proposed antenna allows for connecting the sub-reflector directly to the standard 50 Ohm impedance coaxial feeder. In this case the most preferable "null-amplitude" technique of the received signal should be applied. As a result of this, the following characteristics of the DF antenna should be provided, namely:  we have to have the relatively narrow mono-beam conical radiation pattern;  the elevation angle of the peak directivity should be as much as closer to zenith;  the power ratio of signal in the antenna axis and in the direction of the radiation maximum as well as the power level of side lobes should at least be less than -10dB;  the antenna should be essentially broadband one. It is quite clear that in an effort to achieve the aforementioned characteristics of the reflector antenna, the radiation characteristics of the sub-reflector will have a defining value. Therefore, the main question we address is a choice of the optimal geometry of the monopole antenna from the point of view of designing a compact reflector antenna.
The experiments were carried out in the reactive, radiating and far-field regions of the monopole antennas differing by the monopole height and ground plane size. These experiments were performed with the help of the methods, facilities and special probes developed and designed in the Laboratory of High Frequency Technology and described in detail in our earlier papers [Ivanchenko et al., 2002; Cao et al., 2002; Andrenko et al., 2006; Chernobrovkin et al., 2006; Chernobrovkin et al., 2007] . As an example, the near-field distributions of the quarter-wave monopole antenna with different ground plane radii are shown in Fig. 1a . Thick solid lines at the bottom of pictures show the ground plane size of the monopole antenna. The EM field distributions in the far-field region were measured in the sweep mode of the SHF oscillator that allows for analysing the radiation pattern behaviour in the frequency band of interest. The respective far-field pictures of antenna in coordinates "frequency-radiation angle", where the colour spectrum corresponds to the EM field power distribution, are presented in Fig. 1b 
Optimization of the Reflector Antenna
The vertical monopole as an extension of the central conductor of the coaxial cable with diameter 2b=0.0014m is located above the circular metallic ground plane with thickness d=0.0005m (Fig. 2) . We focus on the two monopole heights h, namely: quarter-wavelength (h=λ/4) and three fourth-wavelength (h=3λ/4) monopoles (the wavelength λ=0.030m). The ground plane radius R varies from 0.0075m to 0.0375m with the step of 0.0075m. The input reflection coefficient S 11 , near-field distributions in the reactive region, radiation patterns, and antenna bandwidth are the characteristics for our analysis. The near-field distributions www.intechopen.com
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in the reactive region are performed on the set-up described in [Ivanchenko et al., 2002] .
The scan area in the XOY plane is adjusted to the ground plane size and located at the standoff distance of 0.001m above the ground plane surface.
Fig. 2. Schematic view of the monopole antenna
The results obtained in the process of measuring the EM field distributions in the reactive region of the quarter-wavelength monopole antenna show that the field distributions of the Hφ-component have two variations along the ground plane radius which equal to an integer number times λ/2 ( Fig. 3a and Fig. 3b ). In this case the first maximum of the magnetic field component is observed near the antenna center, the first minimum of the magnetic field is located at the distance ≈λ/4 from the ground plane edge, and the second maximum is located outside the ground plane edge. At the same time, the antennas with ground plane radii equal to the odd number times λ/4 ( Fig. 3c ) have more than one oscillation along the ground plane radius thereby pointed out the interference nature of the fields in the close vicinity of the ground plane surface. appropriate changes when increasing the ground plane radius (Fig. 4) . In particular, the secondary beams appear in the backward direction of antennas with the ground plane radii R≥0.030m and in the broadside direction of antennas with the ground plane radii R≥0.0375m. The elevation angle of the peak directivity of antennas with different substrate radii R is oriented at θ=60 0 (R=0.015m), θ=60 0 (R=0.03m), and θ=54 0 (R=0.0375m). It is the author's opinion that these changes in the elevation angle are just determined by the different EM distributions in the reactive region of antennas noted above (Fig. 3) . Unlike the antenna with h=λ/4 (Fig. 4 ) the monopole antenna with h=3λ/4 produces monobeam radiation pattern in the broadside direction without evident pattern shape transformations when increasing the ground plane radius (Fig. 5) . However, the radiation patterns become the multi-beam ones in the backward direction though a power level of the lobes is substantially smaller than that of the antenna with h=λ/4. The elevation angle of the peak directivity of antennas with substrate radii R>0.0225m is virtually the same, namely: θ=430 (R=0.015m), θ=330 (R=0.0225), and θ=340 (R=0.03m). The measured radiation patterns are in good agreement with simulated ones. In the framework of these investigations some general regularities in the radiation pattern formation for both monopole heights have been determined, namely: (i) the differences in the near-field distributions lead to the changes in both the radiation pattern shape and the elevation angle of the peak directivity when varying the ground plane radius; (ii) the additional lobes in the broadside and backside directions appear when increasing the ground plane radius; (iii) the influence of the ground plane size on antenna performance is less for antennas with the monopole height h=3λ/4 than that for antennas with the monopole height h=λ/4. As it should be from measurements of near-fields and radiation patterns the monopole antenna with parameters h=0.0075m and R=0.015m seems to be the entirely acceptable one as the sub-reflector because the wave beam is to be wide enough for the effective illumination of the main reflector and the ground plane size is sufficiently small.
www.intechopen.com The geometrical parameters of the DF antenna consisting of the parabolic reflector and monopole antenna as a primary source are shown in Fig. 6 . The primary source is fixed in the foam box and the distance D between the monopole and the reflector can be changed during the experiment. First, we have carried out a computational modeling of the reflector antenna with the following parameters of sub-reflector: h=0.075mm and R=0.015m. From our study it has been found that the radiation pattern demonstrates the high level of side lobes (Fig. 7a) . Therefore, we have proceeded with computational modeling of the reflector antenna by varying its geometrical parameters in the following limits: 0,015m<R<0.0375m, 0.05m<a< 0.100m, and 0.04mm<D<0.06m for the two monopole heights h=0.0075m and h=0.0225m (Fig. 6) with the aim to optimize the reflector antenna prototype from the point of view of the main reflector blockage and the utilization factor of its surface. Furthermore, we have to take into account that the antenna should be a long-focus one (D>2a/4) in order to minimize the cross-polarization level and to provide a good matching of antenna with a feeding line in the wide frequency band. As a result of investigations the optimal parameters of the reflector antenna have been determined, namely: the aperture radius of the main reflector is a=0.080m, the monopole height h=0.0225m, the ground plane radius R=0.0225m, the focal length of the parabolic reflector D=0.055mm. As can be seen from the Fig. 7b , the simulated radiation pattern of the reflector antenna with aforementioned parameters shows substantially lower level of side lobes. a b Fig. 7 . Simulated radiation patterns of the reflector antenna with h=0.0075m, R=0.015m (a) and h=0.0225mm, R=0.0225mm (b) parameters.
The characteristics of the reflector antenna (θ 0 is the elevation angle; Δθ 0 is the beamwidth) are shown in Table 1 . The angle Δθ' is determined by the two positions of the DF antenna relative to the external SHF source when the signal amplitude increases on 3dB in comparison with the signal level in the "global" minimum of the radiation pattern. With these remarks in mind we have manufactured the novel reflector-type antenna. The measured VSWR of the antenna prototype is less than 2 in the wide frequency band (Fig. 8) .
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Microwave and Millimeter Wave Technologies: from Photonic Bandgap Devices to Antenna and Applications 280 Fig. 8 . VSWR of the antenna prototype With the aim to study the process of radiation shaping of the reflector antenna and to optimize the mutual arrangement of supporting elements, we have carried out the simulations and measurements of EM field distributions in the radiating region of the reflector antenna prototype. The near-field distribution being measured at frequency f=10GHz is shown in Fig. 9a for the optimized DF antenna prototype. As one sees from this picture, one has the main lobe and the weak side lobe with a power level around -15dB. The simulations of near-field distribution at the same frequency f=10GHz (Fig. 9b) points out a qualitative agreement with the experiment. Thus, we can pronounce that the selected by us supporting elements do not virtually disturb the EM field distribution in the radiating region of the antenna prototype. The experiments being performed in the far-field region of the DF antenna have shown that the antenna produces mono-beam conical radiation pattern in the bandwidth of 5.5GHz ( Fig. 10a) with the elevation angle of the peak directivity equals to 10 0 and the beamwidth around 10 0 . We note that the radiation pattern shape remains virtually the same within the antenna bandwidth. The typical radiation pattern at frequency f=10GHz is shown in Fig.  10b . From the practical point of view it is important that the power signal ratio in the www.intechopen.com
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antenna axis and in the main lobe maximum is less than -20dB. It should be also noted that the principal characteristic of the DF using the "null-amplitude" technique is the angular domain of the "global" minimum of the radiation pattern Δθ' which equals to 1.50 in this case. a b Fig. 10 . Measured radiation pattern within the antenna bandwidth (a); simulated (dotted line) and measured (solid line) radiation patterns at f=10GHz (b) of the antenna prototype Thus, the reflector antenna has the good principal characteristics such as elevation angle, beamwidth, bandwidth, and sharp power minimum along the antenna axis that allows us to expect high sensitivity and space resolution of the proposed DF.
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Direction Finder Prototype
The conceptual diagram of the DF is shown in Fig. 11a . The signal received from the SHF source enters into the low-noise amplifier for the signal pre-amplification over the entire operational frequency band. The subsequent logarithmic amplifier realizes the signal amplification to the level to be quite enough for the effective ultra wideband video detector operation (U=1mV) and provides a suitable dynamic range of the received signal thereby guarantees a high accuracy of the center of "global" minimum location. The need in the UWB detector is determined by a large difference (up to 20dB) of the signal power in the main lobe and in the "global" minimum of the radiation pattern. The wideband low-noise video amplifier with a small integration time constant (τ=0,1 -1 microseconds for the choice) increases the signal up to the level required to the stable flash encoder operation (around 2.5V). The photo of the DF prototype is shown in Fig. 11b Fig. 11 . Block-diagram of the direction finder (a) and direction finder prototype (b)
After video-amplifier the signal enters the interface, which serves for the registration, numeralization, and displaying the level of received signal, and than enters the working board of the control unit. The photo of the control unit is shown in Fig. 12a . As the radiation pattern looks like a "bell" shape we imitate a bearing process on the front panel of the control unit by V-symbol of the light emitting diodes (LED) which are connected with the power level of the received signal (Fig. 12b) 
The Bearing Algorithm
The bearing algorithm is as follows. It is quite clear that first of all the preliminary scan of the space area of interest is carried out. Let us assume that only the one SHF source is located in the space. In this case we shell detect this source when it will hit the main lobe of the radiation pattern of the DF antenna. At that, the source bearing will be determined by the antenna position corresponding to the "global" minimum of the received signal. Below the bearing algorithm is described in detail by means of the diagram shown in Fig. 13 . Two operation modes so-called the "Search mode" and the "Bearing mode", respectively, are realized here. Under the DF operation in the "Search mode" the angular domain of the source location and its power level are determined. In the "Search mode" operation and www.intechopen.com
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under the external sources failing all the LED's on the front panel of the control unit frequently blink thereby indicating an availability of both the internal equipment noises and the environment background noise. The appearance of source signal is indicated by the ignition of all the LED's and the maximum power level of the received signal with the value 0dB remain in the microcontroller memory. Any deviation of the DF antenna from this position will lead to the signal power decrease and will be accompanied by LED's switching off in pairs top-down according to the introduced normalization. During the process of the consequent space scanning within the angular domain of the revealed source, every such a scan is completed by the memorization of the maximum signal level. In other words, the following conditions hold, namely: if InpS>max; max=InpS. Thus, in the 'Search mode" operation the angular domain and the maximum signal level of the external SHF source are determined. The parameters noted above are the initial ones for the "Bearing mode" operation. In this case a one of the upper two LED's on the working board of the control unit is shined. Let us propose that with the antenna rotation from the aforementioned initial position the received signal decreases by accompanied with the alternate LED's switching top-down so long as the lower LED goes out. These conditions correspond to the drift of antenna from the source. After that the antenna goes back to the initial position of the maximum signal reception and turns in the opposite direction (i.e., to the source). In this case the LED's will alternate switching along the appropriate branch of the symbol V on the working board of the control unit. After passing of antenna the point of the null signal reception, the LED's begin to shine in turn on the second branch of the symbol V on the working board of the control unit right up to the topmost LED. Thus, the source bearing corresponds to the antenna position when the lower LED shines on the working board of the control unit. Let's now determine the conditions of the precise determination of the bearing angle. First of them consists in that the power level of the received signal for the antenna position corresponding the null reception must decreases to the signal level given in advance (in our case this upper level of the "global" minimum is determined by the radiation pattern of antenna and equals to -13dB). However, when holding only this condition, we can have the bearing uncertainty in view of the chaotic LED's switching between the left and right branches of the symbol V (the side lobes availability or the loss of signal at the drift of antenna from the source). In this respect the second condition is that the source must remain in the main lobe of the radiation pattern of antenna during the bearing process. Therefore, the complementary variable max_dB with the initial value of -100dB is introduced in the program and we assign in advance the condition max_dB>-5.5dB which is determined experimentally. Only in the case of the signal level exceeding -5,5dB again and subsequent its decreasing to the level <-13dB, we will observe the LED's switching from the one branch of the V-symbol to another one. It means that at first the antenna scan should be realized in the one selected direction right up to the total signal loss and only after that the antenna should turn in the opposite direction. If the signal level (in the process of antenna scanning) becomes less than -12dB, the lower LED shines on the front panel of the control unit and with the subsequent signal level increase the LED's will be alternate shined on the another branch. It is worth noting that the lower LED goes out when the signal level becomes <-25dB. Just this condition corresponds to the signal loss. Thus, this is the lower limit of the received signal level at which all the LED's go out. 
Model experiments
We have carried out a set of model experiments on the SHF source bearing by means of the aforementioned DF prototype. In these experiments we used the standard open-ended Xband waveguide as the isolated source, which was located at the distance 100m from the DF antenna (Fig. 14) . By using the algorithm noted above we have determined the direction on the SHF source with an evaluation accuracy of the source bearing equal to 2 0 . We note that the noise-factor of the DF integrally (excluding the DF operation in zenith directly) averages 2 -4dB depending on the angle of arrival. Another situation is shown in Fig. 15 . In the case when the angle between two incoherent sources equals to the two beamwidths 2θ b or less, the sources bearing will not be determined correctly. In fact, one may assume that a single virtual source is located between two real sources. It is evident that we shall face the challenge like that in the case of several active SHF sources located in the analyzable space. Therefore, our further investigations will be aimed at the development of effective algorithms which allow one to solve this problem as well as to determine the source position and to improve the DF sensitivity. Fig. 15 Bearing of the two SHF sources operating at frequencies f 1 =10.3GHz and f 2 =9.2GHz, respectively Finally, we have to take into account that the polarization of the source radiation will play a vital part in the bearing process. In spite of the fact that the DF antenna is able to receive the SHF signal with an arbitrary polarization, such an immovable antenna will be blind to the source having E φ -polarization and moving in the same plane.
Conclusion
The original reflector antenna design with the cylindrical monopole antenna as a subreflector has been presented. The good matching of the reflector antenna to 50 Ohm feeding line has been achieved over the entire operational frequency band. The main features of the bearing algorithm have been described in detail. The capability and benefits of the proposed DF have been demonstrated by the model experiments on the external SHF source bearing. The results of model experiments with the DF prototype allow for estimating its basic characteristics:
Operational frequency band 6 -11.5GHz Dynamic range 50 dB Noise factor <3 dB Bearing accuracy 2 0 Beamwidth 10 0 Elevation angle of peak directivity 80 0 Radiation power ratio in the antenna axis and in the radiation maximum <-20dB The book deals with modern developments in microwave and millimeter wave technologies, presenting a wide selection of different topics within this interesting area. From a description of the evolution of technological processes for the design of passive functions in milimetre-wave frequency range, to different applications and different materials evaluation, the book offers an extensive view of the current trends in the field. Hopefully the book will attract more interest in microwave and millimeter wave technologies and simulate new ideas on this fascinating subject.
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